Tidal observations have been performed in the I.C.I. Salt Mine at Winsford. The gravimetric factor has been determined both for the overall values and the principal harmonic constituents. Its value is G= r*zo+ 0.04. The results are compared with former measurements.
Tidal gravity observations at Winsford (Cheshire) There were no special occurrences except for a slight swinging of about half a dial division (about 50 microgals) for several hours on the 16th, and with smaller amplitude at 1zh3P, 16h30m, 1gh30m, on the 17th and at oghoom on the 21st.
Readings were taken by adjusting the reading spring in such a way that the instrument was restored to its zero position. The instrument remained unclamped over the whole period of eight days.
Each observer read for a period of eight hours. Overlapping readings of different observers showed no significant difference.
4. Conversion and correction of readings.-The readings were corrected for the effect of pressure by the factor given in Section 2 and then converted by the calibration factor 83.8 pgals/dial div., which is known from several calibrations of the instrument. It can be regarded as correct within +0*7per cent. It is 0.8 per cent lower than the value used in the 1949 measurements, the difference being due to a slight change in the instrument in the meantime. The calibration factor enters directly into the final result and therefore limits the accuracy of it within & 0.7 per cent.
The instrument had already been used for several years and its continuous drift is exceedingly small. The constant drift of the instrument over the period of observation from O O~ O O~ on the 17th until the 24th was less than IOO microgals. Besides this regular drift the pressure-corrected observations show an irregular drift of the same type and order as discussed in the previous paper (range about & 50 microgals). This will be discussed together with the observations of the horizontal pendulums, as it may be partly due to real dislocations of the Earth's crust in a vertical direction.
To eliminate the drift which remained after pressure correction, a drift curve was obtained by running averages of the values over periods of 25 hours using each sixth hour and connecting them by a smooth line. These values were taken as the " fundamental " values for the further comparison with the theoretical values and for harmonic analysis.
5. Determination of the theoretical tidal variations of gravity.-The theoretical values of the variations of gravity to be expected on a rigid Earth were determined nomographically by the method of Elkins (3) . The same nomogram as mentioned in Mr Tarrant's paper (I) was used.
As the latitude of Winsford differs from that of Kirklington by only five minutes of arc, the scale correction of the nomogram is the same for both stations, i.e. the nomogram values are 2 per cent too high. A correction for this has been applied in the calculations.
6. Comparison between theoretical and experimental results.-In order to correlate the observed and calculated values they have to be related in an exactly
The standard error is f 3.4pgals.
G 27 374 R. Tomaschek comparable manner. Therefore the fundamental values (Section 4) and the theoretical values were both corrected for drift from curves constructed from 25 hour running averages using each sixth hour as centre. In cases where the interpolation was not exact enough, each third hour was taken as centre.
This sort of comparison eliminates the diminution of parts of the amplitude of harmonic constituents (especially the fortnightly term) and any periodicity which may be introduced by the averaging over 25 hours. Both sets of values were reduced to a common zero and will be referred to as " adapted " values.
As the Earth is not rigid and yields to the tidal forces, the amplitude of gravity variations is increased by the factor G which is connected with the elastic properties of the whole Earth. The calculations reported in the following paragraphs show that the value of G at Winsford is near 1.2. Therefore, the adapted theoretical values were multiplied by this factor and the curve obtained in this way is shown in Fig. I . Fig. I is very similar to the curves obtained at Peebles and Kirklington. As to the irregularities observed in the latter curves, see paper (2). Similar irregularities of this type appear at the Winsford observations, for example before midnight on April 22, despite the constancy of the surroundings. Furthermore, another phenomenon is obvious : it is a systematic deviation from the theoretical curve, namely an apparently systematic inequality of the deviation of the curve at different times of the day. This indicates the superposition of a diurnal influence. An analysis of this feature of the curves is given in Section 9.
7 . Determination of the gravimetric .factor G and the phase dazerence K.-One of the most interesting questions relating to tidal gravity measurements is the knowledge of G, as it gives information on the interior of the Earth. It determines also the magnitude of the correction which has to be applied in practical field measurements. As the immediate experimental determination of the gravimetric factor may contain tidal influences due to the loading effect of maritime tides and meteorological influences, it will be written G' in the following, in agreement with the usage of paper (2).
(i) Determination of phase d$ference.-In order to determine G , it is necessary to know the phase difference between the theoretical and the observed curve. This was determined by calculating the time differences of the crossings of the zero axis between the observed and the theoretical curve; 21 values were available.
The adapted experimental values are plotted as dots in the same figure.
The result is : Phase difference = 6.6 min f 8.4 min.
This corresponds to the following angular values :
1O.6 2 ' -I .
The conclusion is that there is no significant phase difference.
(ii) Determination of amplitude factor.-As there is no phase difference, the relation of the theoretical to the observed values is linear when presented in a plane by taking both variables as axes. G can therefore be determined as the regression coefficient of the observed (y) upon the theoretical Only the values for the whole hours were considered. These were n = 169 values.
The result is G The standard error of G has to be adapted to the uncertainties which enter the result besides the standard error due to the statistical scattering. These are: uncertainty of reduction factor, which is & 0.7 per cent, and uncertainty due to drift reduction. As shown in Section g the value of the residual AS, does not significantly differ whether derived from the curves with or without drift correction. So the first drift correction does not introduce a significant systematic error. The influence of the second reduction, which is only of the second order, is, furthermore, greatly reduced by having applied the same reduction for the theoretical values in cases 2 and 3, so that the deviations due to drift curve are caused only by the differences between theoretical and experimental values. Therefore, the magnitude of the entire influence of drift can be estimated not to exceed 1.0 per cent in the final result.
It would not be necessary at all to take it into account separately as it would be included in the general drift correction, which is in this case of the same order of magnitude, but for its possibly containing periodic influences. In fact, the pressure curve when summed up in its diurnal and semidiurnal values shows a distinct periodicity. This is mainly due to the fact that during the period of observation the weather was of a steady anticyclonic character. The influence in amplitude on the gravimeter is therefore according to Section 2 :
The amplitude of the tidal effect is about f Ioopgals. Assuming that the uncertainty in gravimetric pressure correction may amount to up to 20 per cent, the uncertainty in gravimetric amplitude due to uncertainty of correction of pressure effect is about 1-5 per cent. Taking into account the phase differences we may expect an effect of k I per cent in the overall result. As far as the harmonic
The influence of pressure correction deserves special attention.
The diurnal curve is represented by B, = 0.93 x 7.5 = 7.0 pgals ; B, = 035 x 7.5 = 2.6 pgals.
* All ranges given in this report are standard errors, Downloaded from https://academic.oup.com/gsmnras/article-abstract/6/6/372/585828 by guest on 13 November 2019
Tidal gravity observations at Winsford (Cheshire) 377 constituents are concerned (see Section 8) a stronger effect is to be expected in the diurnal than in the semidiurnal terms, where it should be negligible.
All these influences, including the standard error of the statistical deter- 
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However, as the experimental curve (Fig. I) deviates not too strongly from the theoretical curve, especially where the shape is concerned, and as there is no perceptible phase difference, the results should be fairly reliable, which is confirmed by the comparison of the overall value obtained from the harmonic values with that obtained in Section 7.
The method used was that given by Doodson in the Admiralty Tide Tables,   Part 111 , for 24 hours of observation. It rests on the assumption that the ratios of M, to S, and Kl to 0, and their phase differences are taken from observations of stations near by, so that it can be assumed that they will not differ fundamentally at the point of observation itself. Fig. I shows that an assumption of the theoretical ratios cannot be very far from the truth. Therefore, this ratio and phase difference zero have been assumed for the analysis. In the analyses of Set I (see below) drift correction was applied to this method as given in paper (2), Section 3.
Having obtained values for the harmonic constituents in this way, it is possible by a procedure given in detail in the Admiralty Tide Tables, 111, to get rid of the assumption introduced by combining the observations of two days with sufficiently different phase differences between the constituents.
The Then combinations of several days, which were especially suitable owing to their phase differences, were made to eliminate the assumptions on the ratio of the constituents. This gives results which are free from the assumption introduced. However, the results obtained (except for M,) showed a considerably greater variance than the first group, so that the results given above seem to be more reliable. It indicates that the assumption of the theoretical ratio between constituents of the same group is nearer the truth than the scattering of the single readings during one day would allow one to accept. The fact that G shows itself to be the same for both semidiurnal or both diurnal constituents points in the same direction. The remaining sets have therefore not been subjected to this procedure. ilI, yielded after this correction Tidal gravity observations at Winsford (Cheshire) 379 As seen from the figures in this section the diurnal constituents show a considerably higher standard error than the semidiurnal terms ; the reason is that during this observation period Kl and 0, had on several days nearly opposite phases and the determination of the constituents had therefore to rest more or less on a difference effect. It was therefore not possible to analyse the diurnal constituents for the 18th, and the values obtained for the adjacent days, 17th and 19th,were taken with half the weight in calculating the mean.
The results of the analysis of Sets 2 and 3 on the assumption of theoretical ratios and zero phase differences are :-
s, :
K , : Table 11 , shows that the main features are in good agreement and that the behaviour at Winsford is rather similar to that observed at Kirklington. The short time of observation renders a detailed comparison not advisable. However, there exists a resemblance in the diurnal constituents Kl and 0, having a relatively lower amplitude than the semidiurnal tides M, and S, at all three points of observation. It seemed therefore advisable to investigate the problem of the 24 hour period more closely.
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R. Tomaschek 9. The 24 hour period.-There exists no strictly 24 hourly constituent in the theoretical development of the tidal forces. However, experience shows that such a period, designed as S,, manifests itself in the results. This problem has been discussed already in paper (2). This periodic influence has also been found to be inherent in the results here under consideration. The procedure of calculating it was as follows :
From the series of experimental values the theoretical values multiplied by 1.20 were subtracted. As the calculations on the integral value of G in Sections 7 and 8 show, this eliminates all influences of the strictly gravitational forces including the influence of the elastic yielding of the Earth, the value of G itself representing its magnitude in a first-order approximation. The residuals therefore contain the meteorological and thermal influences, the instrumental deficiencies and errors of observation, and the effect of load tilt, in so far as this is not proportional to or in phase with the theoretical values. The analysis of these residual influences will be dealt with in connection with the simultaneous measurements on horizontal pendulums. Here only the analysis for the 24 hourly period and its harmonic will be given. This has been done for the set of fundamental values (Set I, hourly values) which are corrected for pressure and drift. Furthermore, the analysis was likewise performed with a set of experimental hourly values which was only pressure-corrected and where the drift had not been eliminated (Set P). This was done to make sure that the elimination of drift had not influenced the periodic components of the observations. The results are in very good agreement, considering that it is a residual influence of only about one-tenth of the amplitude of the tidal effect. The amplitude is practically zero ; there exists only a random distribution of the residuals. This shows also that the chosen value of G is correct. As the vertical tidal force is opposite to the attraction of the Earth, as the celestial body at its culmination diminishes the weight, the system of the K values as used in connection with the tidal constituents differs by 180" from a positive gravitational effect (as for example the tides of the sea, which are theoretically a maximum at the time of culmination). We have therefore to add 180' to g to remain in accordance with our former notation of K .
(a) 12 hourly period : There is no residual influence of this period.
This gives:
AS, = 6.6 f 0.3 pgals ; K = 97" 20".
The amplitude of this influence is again the same as found for Peebles and Kirklington, where it was 5.1 and 6-8pgals respectively; but the phase is just opposite. The maximum of the effect occurs in the afternoon, whereas it has hitherto been observed in the morning. The influence is easily visible in Tidal gravity observations at Winsford (Cheshire) 381 theoretical curve in the morning and above it in the afternoon. The opposite can be seen at Kirklington and Peebles (see Fig. I in (I) ), where the observations on many days are distinctly above the theoretical curve in the morning hours compared with afternoon.
If we compare the AS, effect with the barometric diurnal periodicity, as determined in Section 7, we find that it is of the same gravimetric amplitude and of nearly exactly opposite phase (the angle given there being g). That means that without barometric correction the effect would not have shown up. It is very probable that the AS, effect is due to the influence of the terrestrial oscillations of atmospheric pressure (4). The observed amplitude would indicate diurnal vertical oscillations at the point of observation of several millimetres. This is about 6 of the amount calculated by Darwin (5) as possible meteorological influence, and therefore entirely within the limits of probability. Peculiarities in the diurnal period have also been observed in the indications of the horizontal pendulums at Winsford. Therefore the AS, effect can also be regarded as well established. (ii) The value is consistent with G = I +A-#A = 1-15 as derived from the former results, but may indicate a slightly higher value of G.
(iii) The diurnal constituents seem to give a lower G than the semidiurnal constituents, similar to the results obtained at Kirklington.
(iv) Influences of a 24 hour period have been confirmed.
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